I. INTRODUCTION
The studys of charmed and charmed-strange mesons have made great progress in re- − collision by BABAR [5] , which is a good candidate as the radial excitation of D s1 (2460) + [6] . In D + π − and D 0 π + mass spectra, D J (3000) 0 was observed by LHCb Collaboration [7] , which could be interpreted as the radial excitation of D 1 (2430) 0 , and their masses and full widths are [5, 7] m D sJ (3040) + = 3044 ± 8 
Regarding to the topic of radial excited states of D s and D mesons, several works have been done about their mass spectra and strong decays [8] [9] [10] [11] . One thing drawing our attention is that no other heavy-light 2P state has been confirmed by experiment except charmonium and bottomonium, which means the study of charmed and charmed-strange 2P states will enlarge our knowledge of bound states and deepen the understanding of nonperturbative QCD.
We notice that D sJ (3040) and D J (3000), assumed to be radial excitation of D s1 (2460) and D 1 (2430) in recent studies, can be produced via the semileptonic decays of B s and B, which are different from the observed production processes. Previous studies show that semileptonic decays could be a good platform to produce charmed and charmed-strange mesons, for instance, the process of B s → D s1 (2460)lν l has been calculated through relativistic quark model based on the quasipotential approach [12] , three point QCD sum rule methods [13] , 2 QCD sum rules under HQET [14] , constituent quark meson model [15] , and instantaneous
Bethe-Salpeter method [16] . The same order 10 −3 of the results in various models indicates that semi-leptonic decays have considerable branching ratios. In addition, the study of semileptonic decay provide an extra source of information for the determination of CKM matrix elements and the relativistic quark dynamics inside heavy-light mesons. In this paper, we explore the production of D sJ (3040) and D J (3000) by the improved B-S(Bethe-Salpeter) method, and give the results of form factors as well as branching ratios.
The rest of this paper is organized in the following arrangements. In section 2 we deduce the formulation of semi-leptonic decay. The hadronic matrix elements of production are given in section 3, numerical results and discussions are presented in section 4.
II. THE FORMULATIONS OF SEMI-LEPTONIC DECAY
We take B figure 1 .
where V cb is the CKM matrix element, G F is the fermi constant, J ξ = V ξ − A ξ is the charged weak current, in which V ξ = cγ ξ b, A ξ = cγ ξ γ 5 b, P and P f are the momenta of the initial meson B 
where the leptonic tensor could be simplified as:
and hadronic tensor is defined as:
which can be described as form factors. Explicit forms are present in next subsection.
III. HADRONIC MATRIX ELEMENT OF SEMI-LEPTONIC DECAY
The calculation of hadronic matrix element is model-dependent. In this paper, we determine the hadronic matrix element through the instantaneous Bethe-Salpeter method with 
In the heavy quark limit, which is m Q → ∞, the mixing angle θ ≈ 35.3
is assumed to be the radial excitation of D s1 (2460) in this paper, which is P state. By the B-S method with the instantaneous approach, the hadronic matrix element can be written as the overlapping integral over the initial and final B-S wave functions [16] :
where q and q 1 are relative three-momentum between the quark and anti-quark for initial state and final state. t 1 to t 8 are the form factors, which are given in Appendix C.
The wave functions we adopt above are for 1 P 1 and 3 P 1 states. Due to the mixture of physical states, the form factors for P 1/2 and P 3/2 states are given as:
where i = 1, 2, 3, 4.
Another thing we should notice is that the masses of 1 P 1 and
IV. NUMERICAL RESULTS AND ANALYSIS
A. form factors
In our model, the input parameters of calculation are chosen as following: λ =0.21 GeV 2 ,
GeV, which are the best results to fit the mass spectrum of related mesons [19] . MeV are taken from PDG [20] . We notice that the partners of D sJ (3040) and D J (3000)
are not discovered yet, the masses required in our calculation are taken as 3022. To show the numerical results of wave functions explicitly, we plot the 1 P 1 and figure 2 . We can see that 1 P 1 and 3 P 1 states share the same shape.
As an example, The form factors x 1 to x 4 are shown in figure 3 , where t = (
f − 2ME f and t m is the maximum of t. In table I, we show the branching ratios of semi-leptonic production of D s (2P ) + . Generally, the cases of e and µ are 2 orders of magnitude larger than the case of τ due to the phase space. We also notice that the branching ratios of B 
, and the branching ratio of strong decay is 0.85 ±0.12 [20] , so the branching ratio of semi-leptonic decay into 1P state is 2.94
whose production rate via semi-leptonic decay is 2.34 × 10 −3 in our method [16] , this may imply that our results are reliable.
Although the production ratio of D sJ (3040) is very small in B 0 s semi-leptonic decay, considering that the LHCb experiment will produce more than 10 6 B s mesons per running year [22] , the branching ratios of B While the results from light front quark model [22] are the same of 10 −4 for 2P but one order of magnitude smaller than ours for 2P states are similar to 1P states, our results seem to be more reasonable. states are mixture of 1 P 1 and 3 P 1 states. The mixing equation we use in this paper is determined by the mixing angle, and this angle we use is derived from heavy-quark limit, which deviates from the realistic mixing angle, especially for the higher radial excitations [23] . That is another possible way for the uncertainty to be increased. These sources show that there are a lot of researches to be done in the future to reduce the uncertainty and make the prediction more precise. 
In table IV, the branching ratios of 3P states are much lower than those of 2P states, which presents challenges in current experiment. In addition, we see an interesting result that two mixing 3P states of D meson show discrepancy in semi-leptonic decay of B 0 , which needs more data and researches to give a more precise result.
V. SUMMARY
The accumulative data of charmed and charmed-strange mesons are becoming more and more abundant with the running of colliders. The study of higher radial excitation in 
APPENDIX A. INSTANTANEOUS BETHE-SALPETER EQUATION
We define the B-S wavefunction as:
where χ P (q) is the B-S wavefunction of the relevant bound state. β is the index other than
, p 2 and m 1 , m 2 are the momenta and constituent masses of the quark and anti-quark, respectively. P is the momentum of the initial state while β is the quantum index to identify the state other than momentum.
q P denotes q·P √ P 2 and q ⊥ = q P ⊥ = q − q·P P 2 P . The B-S equation in momentum space can be written as:
In the instantaneous approximation, the integral kernel takes a simple form:
Three-dimensional wavefunction can be written as:
Thus, the B-S equation can be rewritten as:
where
The full Salpeter equation takes the form:
In order to do the numerical integral, we need the explicit form of integral kernel. In this work, we choose the Cornell potential, which was widely used in this interaction. The
Cornell potential is the sum of a linear scalar interaction and a vector interaction.
where α s (q) is the running coupling constant, λ is the string constant, a and α are phenomenal parameters we introduce to avoid divergences when q 2 ∼ Λ 2 QCD and q 2 ∼ 0, V 0 is a constant in our model to fit the data.
APPENDIX B. WAVEFUNCTIONS FOR DIFFERENT STATES
In this section, we introduce the wavefunctions for different states.
12
B.1 Wave function for 1 S 0
The general form of 1 S 0 state:
Due to the constrains equations in full Salpeter equation, we have the condition ϕ
Therefore, there are only two independent wavefunctions f 1 ( q) and f 2 ( q). The relativistic positive wavefunction could be written as
B.2 Wave function for
The general form of 1 P 1 state:
Constrains equations result in
Thus the relativistic wavefunction is
The Dirac conjugate form is:
B.3 Wave function for 3 P 1
In the same way, we have the wavefunction of 3 P 1 state:
(B.3.1) and it's Dirac conjugate
.
APPENDIX C. THE FORM FACTOR
In this section, we present the form factors in semi-leptonic decay of B 0 s into D s (2P ) state. For the process of D J (2P ), the form factors are the same.
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